Dried rhizomes of Cimicifuga racemosa (CR), known as black cohosh, have been widely used as a herbal dietary supplement in the treatment of menopausal symptoms. Here we used experimental mouse stress models to investigate the role of anti-stress food factors, and found that a CR extract had stress-relieving effects. A single oral administration of CR extract (1,000 mg/kg) significantly attenuated plasma corticosterone and aspartate aminotransferase (AST) levels that had increased as a result of enforced immobilization. Bioassay-guided fractionation of the CR extract resulted in the isolation of 10 triterpenes, among which actein, 23-epi-26-deoxyactein, and cimiracemoside F (100 mg/kg, per os) were shown to contribute to the anti-stress effects. Furthermore, the CR extract significantly prevented the development of water immersion stress-induced gastric mucosal ulcers in rats. We propose that the CR extract might be suitable for the prevention and treatment of stress-related disorders.
Cimicifuga racemosa (CR), family Ranunculaceae, is indigenous to eastern North America and its range extends as far south as Florida. Dried rhizomes of CR are known as black cohosh and have been widely used as herbal dietary supplements for almost five decades. Historically, native American women ingested CR water extract for pain relief during menstruation and childbirth. In recent years, ethanolic and isopropanolic extracts of CR have been used for the treatment of general menopausal symptoms, and its popularity has grown among women hoping to avoid the potential toxicity of classical hormone-replacement therapy [1a,1b] . The commercial CR product Remifemin ® , manufactured by Schaper and GlaxoSmithKline, has undergone pharmacological studies showing that its underlying mechanisms are dopaminergic [2a] and serotonergic [2b] rather than estrogen-like. Investigations into the chemical constituents of CR revealed alkaloids [3a] , isoflavones [3b], phenylpropanoids [3c] , and more than 20 highly oxygenated triterpene glycosides with cycloartane skeletons [3d-3l] , which are secondary metabolites believed to have biological effects [4a,4b] .
Although its climacteric properties have been established, no reports have focused on the anti-stress activities of CR. The present study therefore investigated the anti-stress properties of CR extract and its active components using two kinds of experimental stress model.
Immobilization has been extensively used as a type of stressor in the study of stress related biological, biochemical, and physiological responses, as it causes both physical and inescapable psychological stresses. Immobilization stress was previously shown to increase plasma corticosterone and AST levels; these parameters reflect the extent of the hypothalamo-pituitary-adrenal (HPA) axis activity and oxidative damage, respectively [5, 6] . In the present study, a single pretreatment with CR extract (200, 500, and 1,000 mg/kg, per os [p.o.] ) resulted in a significant and dose-dependent decrease in both plasma corticosterone (P<0.01) and AST (P<0.01) levels in comparison with the control non-treated group (Figure 1) .
The pathogenesis of gastric mucosal ulcers is related to the physiological response to stress. We used the water-immersion immobilization stress model to investigate the anti-gastric mucosal ulcer properties of CR extract. Pretreatment with CR extract (1,000 mg/kg, p.o.) significantly decreased the gastric mucosal ulcer index in comparison with the control group (P<0.01; Figure 2 ). CR extract significantly attenuated plasma AST levels and the pathogenesis of gastric mucosal ulcers induced by immobilization stress. Burdette et al. previously showed that CR extract protected cellular DNA from menadione-induced damage [7a] . Kim and Kim reported the inhibitory effects of CR extract on histamine, bradykinin, and cyclooxygenase-2-mediated inflammatory actions [7b]. Our current findings might therefore reflect the anti-oxidative and antiinflammatory effects of CR extracts. CR extract also significantly decreased plasma corticosterone levels induced by immobilization stress, suggesting that it interacts with the HPA axis and the central nervous system (CNS). The CNS is associated with gastric pathology and the hypothalamus, which is a component of the HPA axis, so it plays an important role in autonomic and endocrine responses to stress. It contains many transmitters or neuropeptides, including corticotrophin-releasing factor (CRF), which controls the secretion of adrenocorticotropic hormone (ACTH) from the anterior pituitary. This has been shown to stimulate glucocorticoid hormone secretion, particularly that of corticosterone, by the adrenal cortex in mice [8a] . Many studies have observed that immobilization stress elicits activation of the HPA axis and increases the release of monoamines in the brain, such as norepinephrine (NE), serotonin (5-HT), and dopamine (DA). The relationship between NE, 5-HT, and DA appears to regulate the CNS during stress [8b]. CR extract acts as serotonin receptor [2b], human μ opiate receptor [2c], and dopamine D2 receptor [2d] agonists, so they might affect the regulation of monoamines in the CNS. 
Figure 2:
Effect of CR extract (1,000 mg/kg) on water-immersion immobilization stress-induced gastric mucosal ulcer development in SD rats. All values are the mean  SEM (n=5). P value for one-way ANOVA followed by Student's t-test (**P<0.01).
To evaluate active components of CR extract, we performed bioassay-guided fractionation. CR extract was suspended in a mixture of H 2 O and EtOH (3:1, v/v), and extracted with Et 2 O. The Et 2 O-soluble phase was subjected to octadecylsilanized (ODS) silica gel column chromatography and eluted with to afford seven fractions (frs. I-VII), including the Et 2 O-insoluble residue [9] . When mice were pretreated with these fractions (10 mg/kg, p.o.) before exposure to immobilization stress, suppression of plasma AST levels was observed from frs. III (P<0.1) and IV (P<0.05) ( Figure 3 ). Chromatographic separation of frs. III and IV resulted in the isolation of 10 triterpene glycosides (1-10; Figure 4 ). Mice were next pretreated with 1-10 (100 mg/kg, p.o.) before exposure to immobilization stress. Pretreatment with actein (8), 23epi-26-deoxyactein (9) , and cimiracemoside F (10) significantly decreased both plasma corticosterone (P<0.01) and AST (P<0.01) levels in comparison with the control non-treated group, whereas the glycosides of the cimigenol derivatives produced no significant anti-stress effects ( Table 1) .
The cycloartane skeleton of the glycosides has a side-chain moiety, which forms heterocyclic rings that are believed to play a role in anti-stress activities. Further studies are needed, however, to define this structure-activity correlation. In the present study, we determined that actein, 23-epi-26-deoxyactein, and cimiracemoside F were the main contributors to the anti-stress effects of the CR extract. However, we could not detect any anti-gastric mucosal ulcer activity of actein, 23-epi-26-deoxyactein, and cimiracemoside F (data not shown), suggesting the possibility of other active components.
Anti-stress properties of Cimicifuga racemosa Natural Product Communications Vol. 7 (1) 2012 17 In conclusion, the CR extract attenuated stress-inducing responses in rodents, of which actein, 23-epi-26-deoxyactein, and cimiracemoside F were the main active components. These results suggest that the potent activity of the CR extract is mediated by the regulation of the hypothalamus, pituitary, and adrenal hormone secretion or by that of monoamines in the brain. Future work is needed to elucidate the mechanisms behind these activities, and to investigate the pharmacology of CR extracts in relation to stressrelated disorders and general health.
Experimental

Animals and diet:
Pathogen-free 7-week-old male BALB/c mice (SLC, Shizuoka, Japan) were used for immobilization stress experiments. Pathogen-free 7-week-old male SD rats (SLC) were used for gastric mucosal ulcer experiments. All animals were housed under controlled conditions (temperature, 22 ± 1C; relative humidity, 50 ± 10%; light/dark cycle, 0700-1900 h/1900-0700 h.) The animals were fed a commercial diet (CRF-1; Oriental Yeast Co., Tokyo, Japan) and were given water ad libitum. The animals were handled and sacrificed in accordance with the procedures outlined in the Guidelines for Animal Experimentation of Asahi Group Holdings Ltd., compiled from the Guidelines for Animal Experimentation of the Japanese Association for Laboratory Animal Science. All experiments were performed between 0900 and 1200 h daily to avoid diurnal variations in the physiological conditions of the animals.
Chemicals and instruments:
Dried powder of an ethanolic extract of CR rhizomes (CR extract powder) was purchased from Nippon Funmatsu Yakuhin (Osaka, Japan). Silica gel (Fuji-Silysia Chemical, Aichi, Japan; or Merck, Darmstadt, Germany), ODS silica gel (Nacalai Tesque, Kyoto, Japan), and Sephadex LH-20 (Pharmacia, Uppsala, Sweden) were used for column chromatography. Thin-layer chromatography (TLC) was carried out on precoated Kieselgel 60 F254 (0.25 mm thickness; Merck) and RP-18 F254 S (0.25 mm thickness; Merck) plates. Spots were visualized by spraying with 10% H 2 SO 4 followed by heating. HPLC was performed with a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), a RI-8010 detector (Tosoh), and a 2 mL Rheodyne injection port. A Capcell Pak C18 UG120 column (10 mm i.d. × 250 mm, 5 μm particle size; Shiseido, Tokyo, Japan) was employed for preparative HPLC.
Isolation and identification of CR extract triterpene glycosides:
CR extract (1 kg) was dissolved in 500 mL of a mixture of H 2 O and EtOH (3:1, v/v), which was extracted twice with 500 mL Et 2 O. The Et 2 O-soluble phase was concentrated under reduced pressure, and the viscous concentrate (36.2 g) was chromatographed over ODS silica gel eluted with MeCN-H 2 O (5:6) and divided into 7 fractions (frs. I-VII). As frs. III and IV suppressed the stress-induced increase in plasma AST levels in mice, they were subjected to further fractionation. Fr. III underwent CC over silica gel eluted with CHCl 3 -MeOH (30:1; 19:1; 12:1), ODS silica gel with MeCN-H 2 O (5:3; 2:1; 1:1), and Sephadex LH-20 with MeOH, as well as preparative HPLC using MeCN-H 2 O (5:3; 1:1) and MeCN-MeOH-H 2 O (1:1:1) to give compounds 1 (105 mg), 2 (102 mg), 3 (102 mg), 4 (131 mg), 5 (153 mg), 8 (150 mg), and 9 (53 mg). Fr. IV was chromatographed over silica gel eluted with CHCl 3 -MeOH (19:1; 12:1), ODS silica gel with MeOH-H 2 O (4:1;8:5) and MeCN-H 2 O (1:1), and Sephadex LH-20 with MeOH, and was finally purified by preparative HPLC using to yield compounds 6 (105 mg), 7 (55 mg), and 10 (120 mg). A comparison of the physical and spectroscopic data of the isolated compounds (1-10) with the literature revealed their identities to be as follows: Immobilization stress procedure: Mice were divided into groups of 5 animals each. The control group was orally administered distilled water, and the test groups were orally administered CR extracts (200, 500, and 1,000 mg/kg) or divided fractions (10 mg/kg) or isolated compounds from the extract (100 mg/kg) as aqueous suspensions. At 30 min after administration, each mouse underwent enforced immobilization using an adjustable 30 mL plastic syringe for 60 min. Immediately after completion of this step, blood was collected from the inferior vena cava under light anesthesia with diethyl ether to assay the levels of plasma corticosterone and AST. Plasma corticosterone was measured using a commercial enzymelinked immunosorbent assay (ELISA) kit (IBL, Hamburg, Germany). Plasma AST was measured by the pyruvate oxidase-Nethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine (POP-TOOS) method (Wako, Osaka, Japan).
Stress-induced gastric mucosal ulcer development:
Rats were divided into 2 groups of 5 animals each. The members of one group were administered CR extracts, while the other was administered distilled water. In the CR extract-treated group, the extract (1,000 mg/kg) was orally administered as an aqueous suspension. At 30 min after administration, each rat was confined to a metal restraint cage and immersed in water (at 25°C) to the level of the xiphoid process for 120 min. Immediately after completion of this step, the rats were sacrificed and their stomachs were dissected, fixed with 4% paraformaldehyde for 2 h, cut open along the greater curvature, and photographed. The images were scored for the incidence of ulcers. The size of the lesion was expressed as the percentage of the lesion area to the total glandular mucosal area, which was defined as the gastric ulcer index [10] .
Statistical analysis:
All results are expressed as the mean ± SEM. The data were analyzed by one-way ANOVA followed by either the Student's t-test or Dunnett's multiple comparison test. A difference of P<0.05 was considered statistically significant. SPSS 10.0J software (SPSS Inc. 1999 ) was used to analyze the data.
